Fibrous PCL scaffolds as tissue substitutes by Giorno, Luciana Pastena et al.
 INTERNATIONAL JOURNAL OF ADVANCES IN MEDICAL BIOTECHNOLOGY - IJAMB 40 Vol. 3  N.1, 2020
INTERNATIONAL JOURNAL OF ADVANCES IN MEDICAL BIOTECHNOLOGY
Fibrous PCL scaffolds as tissue substitutes
Luciana P. Giorno1*; Leonardo R. Rodrigues2; Arnaldo R. Santos Jr1
*Corresponding author: e-mail address: giorno.l@ufabc.edu.br
1Centro de Ciências Naturais e Humanas (CCNH), Universidade Federal do ABC, São Bernardo do Campo, SP, Brazil.
2Centro de Engenharia, Modelagem e Ciências Sociais Aplicadas (CECS), Universidade Federal do ABC, Santo André, SP, Brazil.
Abstract: Burns are characterized by high clinical complexity. Large skin wounds reduce the body’s defenses and activate the inflammatory cascade, 
resulting in complications such as multiple organ dysfunction syndrome. In an attempt to improve techniques for burn management, tissue engineering 
has emerged as a viable alternative in which biocompatible materials are used to mimic the extracellular matrix. Scaffolds were fabricated using a 
poly(ε-caprolactone) polymer matrix (PCL) and PCL combined with gelatin. The solutions were submitted to rotary jet spinning and then crosslinked. 
All materials were characterized following recommended technical standards (biological and physical). The results showed satisfactory homogenization 
of the solutions. We observed the formation of PCL and PCL/gelatin fibers. Fourier-transform infrared spectroscopy confirmed the material used in 
the scaffolds. In conclusion, rotary jet spinning was found to be effective for fiber production and the scaffolds obtained were non-toxic
Keywords: Burns. Biocompatible Materials. Rotary Jet Spinning.
Received 02 November 2019; Accepted 17 December 2019; Available online  10 February 2020.
DOI: https://doi.org/10.25061/ijamb.v3i1.64
Type B] were used. The pH of a 1.5% solution ranges from 5.0-7.5 at 25oC.
Sample Preparation
PCL was dissolved in chloroform (Vetec Química) and stirred in 
a magnetic stirrer (model 753A, Fisatom) for 24 h. The homogenized 
solution was transferred to the rotary jet spinning chamber.15,16,17 The 
formation of fibers was observed by the flow of the polymeric solution in 
the collector through capillaries on the lateral surface of the equipment 
using a maximum power of 950 W and a motor of 210/3,400 (W/rpm).18 
After solvent evaporation, the fibers were removed from the collector and 
stored in a desiccator before use. Gelatin was dissolved at 20% in distilled 
water at ± 60oC under constant agitation (magnetic GO stirrer MS-H-Pro) 
for 20 min. Next, 1% glutaraldehyde solution (Sigma-Aldrich) was added 
and the mixture was incubated for 24 h to permit crosslinking. For the PCL/
gelatin scaffold, PCL and gelatin were prepared as described above. The 
PCL fibers were immersed in gelatin solution, followed by glutaraldehyde 
also as described above.14,19
The crosslinked gelatin and PCL materials were disinfected with 70% 
ethanol for 24 h and kept in medium 199 (Lonza) without fetal bovine 
serum (FBS) in an incubator for 24 h at 37oC (ISO-10993-5). The PCL/
gelatin scaffold was sterilized by autoclaving (Stermax) at a pressure of 
15 lbs and temperature of 121oC for ± 20 min.20
Morphological Characterization of the Scaffolds by Light 
Microscopy
The samples were examined under a phase-contrast inverted light 
microscope (Axio Vert.A1, Zeiss) for analysis of the fibers produced by 
rotary jet spinning. Fragments of the materials were mounted between 
a slide and coverslip. Drops of distilled water were used to reduce light 
refraction and to improve resolution.21
Characterization of the Scaffolds by Fourier-Transform Infrared 
Spectroscopy (FTIR)
The functional groups and characteristic vibrational modes of each 
polymer were evaluated with the Spotlight 400 FTIR Imaging System. The 
parameters adopted were a measurement range of 4000 to 500 cm-1 using 

















Burns are a public health problem of high clinical complexity and 
are associated with prolonged hospital stay, immune system disorders, 
susceptibility to infections, and high morbidity and mortality.1,2 Depending 
on the extent and characteristics of the burn injury, skin transplantation 
is the gold standard treatment to ensure patient survival because of the 
limitations of the tissue repair process.3,4 However, the imbalance between 
effective organ donors and recipients indicated by the National Transplant 
System has encouraged the search for therapeutic alternative to overcome 
this shortage.3,4,5
Among emerging technologies, tissue engineering is a field 
aimed at elucidating the structure-function relationship between 
normal and diseased tissues in order to repair or replace tissue using 
bioresorbable scaffold with specific physical characteristics that mimic 
human morphofunctionality. Mimicking human tissues, the physiological 
reactions in response to biomaterials are expected to favor the good 
integration of these materials in the organism. Thus, research constantly 
seeks to change the surface of materials in order to improve the capacity 
of cell adhesion, growth, proliferation and differentiation in the tissues 
for which they are destined.6,7,8,9,10,11
Poly(ε-caprolactone) (PCL) is a bioresorbable material that was 
approved by the Food and Drug Administration (FDA) for use in humans. 
PCL is characterized by properties such as flexibility, good mechanical 
strength, and moderate undesirable host reactions. In addition, PCL 
is compatible with a wide range of other polymers and is a candidate 
for grafting and for stimulating cell regeneration.12,13 Gelatin, which is 
derived from collagen, is widely used in tissue engineering and cell culture, 
representing a common substrate for cells.14
We aimed to develop a polymer scaffold (PCL/gelatin) via rotary jet 




CAPA 6500 PCL [Aldrich 440744-250G, Mn 70000-90000; reported 
molar mass of 50,000 grams per molecule (g/mol)] and gelatin from bovine 
skin [Sigma-Aldrich, CAS Number: 9000-70-8 MDL: MFCD00081638; 
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with a resolution of 1 cm-1 in four scans per measurement.22
Cell Culture
Vero cells, a cell line established from African green monkey (Cercopithecus aethiops) kidney cells, were used. These cells were cultured in 
medium 199 (Lonza) with 10% FBS (Nutricell Cellular Nutrients, Campinas, SP, Brazil) at 37oC in an incubator with 5% CO2. The medium was changed 
whenever it was acidified and subcultures were obtained once or twice a week. Vero cells are recommended for studies of cytotoxicity and cell-cell 
interactions on biomaterials.23,24
In Vitro Direct Contact Toxicity
Fragments of each material (PCL, gelatin, and PCL/gelatin) were placed in 24-well culture plates and incubated in FBS-free medium for 24 h at 
37oC in a 5% CO2 atmosphere. After this period, Vero cells were inoculated at a concentration of 1.0 × 10
5 cells/ml in medium with 10% FBS. The cells 
were kept for 24 h in direct contact with the tested materials under the same culture conditions as described above. Images were obtained with an 
inverted light microscope (Axio Vert.A1, Zeiss) during the culture period and before fixation.24
Results and discussion
Fiber Characterization
Figure 1 shows the morphology of the materials studied by light microscopy at different magnifications (A1 and A2: PCL; B1 and B2: gelatin; C1 
and C2: PCL/gelatin; scale bar = 200 and 50 µm, respectively). Regarding qualitative characteristics, the PCL/gelatin fibers were thicker and fiber 
spacing was smaller compared to pure PCL. The gelatin scaffold took on a non-porous form.
Figure 1 - Light microscopy analysis of the materials studied. A) PCL; B) gelatin; C) PCL/gelatin. Scale bar: 200 µm for A1-C1; 50 µm for A2-C2.
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The results of FTIR analysis of PCL, gelatin, and PCL/gelatin fibers are shown in Figure 2. For PCL, we observed a vibrational mode at 2947 cm-1, 
characteristic of asymmetric CH2 stretching, and at 2867 cm
-1 corresponding to symmetric CH2 stretching. A C=O stretch can be seen at 1731 cm
-1 
and symmetric C-O-O stretching at 1176 cm-1.25 In the gelatin scaffold, we observed a peak at 3296 cm-1 characteristic of vibrational O-H and N-H 
stretch overlap; at 1535 cm-1 we have a C-N stretch and N-H bending (amide II); at 1455 cm-1 we have CH2 bending;
26 at 1242 cm-1 we have a C-N 
stretch and N-H bending (amide III); at 1080 cm-1 we have a C-N stretch and amide III.27 The same vibrational modes observed for the pure polymers 
(PCL and gelatin) were found for the PCL/gelatin scaffold, in addition to peaks at 1450 cm-1 and 1535 cm-1 (Figure 2).20,26
Figure 2 - FTIR analysis of PCL, gelatin and PCL/gelatin fibers.
In Vitro Direct Contact Toxicity
Figure 3 shows the phase-contrast microscopy analysis of the direct contact toxicity of Vero cells incubated for 24 h with the different materials 
(A: negative control; B: positive control; C: PCL; D: gelatin; E: PCL/gelatin; scale bar = 50 µm). The images show no contact toxicity. 
The quantitative data did not reveal direct contact toxicity and we did not observe cellular changes promoted by the materials.
Depending on the severity of burn injury, which is classified based on the percentage of total body surface area involved, resistant materials are 
needed because the injury can extend beyond the dermis and can even expose bone components.1,2 We therefore chose to use PCL, which is bio-
resorbable and is classified as a temporary material. In addition to stimulating material-guided extracellular matrix production of the individual, PCL 
is later degraded, allowing tissue recovery. This material can confer structural stability to mechanical stresses of the system, prevent hydroelectrolyte 
losses, and minimize the body’s susceptibility to infections. We combined PCL with gelatin to improve its features and interaction with human cells. 
It should be noted that uncrosslinked gelatin usually solubilizes in aqueous medium and is easily eliminated by the body in vivo. In addition, it is 
poorly resistant to mechanical stresses.13,14,28,29
The advantages of the rotary jet spinning technique include its low cost, easy construction of the equipment, and high fiber yield.30
Many factors were considered to choose the most suitable cell type, including mitotic stability, function, and plasticity. Adequate laboratory 
practices ranging from the inoculation of the material to medium changes are also necessary since they can affect the results of the experiment. We 
used Vero cells in this study, which are recommended for the analysis of cytotoxicity and initial cell-cell interactions on biomaterials.24 
Considering the satisfactory production of fibrous material, our results suggest that PCL/gelatin is a potential scaffold for tissue engineering. Our 
data were consisted with those reported by Vida et al.25 who studied PCL, PLLA, and PCL/PLLA fibers, and by Liu et al.19 in a review on gelatin. Cardoso 
et al.31 observed Vero cells spreading on PCL and PCL/chitosan fibers, a morphological pattern similar to that found in our study.
Taken together, the present results suggest that a fibrous scaffold, which structurally resembles extracellular matrix fibers, would represent a more 
physiological environment for cells. Further research will be conducted to confirm this suggestion.
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Figure 3 - Phase-contrast microscopy analysis of the direct contact toxicity of Vero cells in the different experimental groups after 24 h of incubation. 
A) Negative control; B) positive control; C) PCL; D) gelatin; E) PCL/gelatin. The images show no contact toxicity. Scale bar = 50 µm.
Conclusion
The rotary jet spinning technique permitted the production of fibers and the coating of gelatin on PCL fibers. The scaffolds were non-toxic and 
are promising for tissue engineering. 
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